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(57) Abstract: The present invention relates to antigens, more particularly antigens of Group B Streptococcus (GBS) (S. agalactiae) 
which may be useful to prevent, diagnose and/or treat streptococcal infections. 
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5 FIELD OF THE INVENTION 

The present invention is related to antigens, more 
particularly polypeptides of Group B Streptococcus (GBS) (S^_ 
agal antiiae ) which may be used to prevent, diagnose, and/or 

treat GBS infections. 

10 

BACKGROUND OF THE INVENTION 

fihrftphnnnciHifl are gram ( + ) bacteria that are differentiated 
by group specific carbohydrate antigens A through O found on 
their cell surface. streptonorrna groups are further 
15 distinguished by type -specific capsular polysaccharide 

antigens. Several serotypes have been identified for the 
GBS: la, lb, II, III, IV, V, VI, VII and VIII. GBS also 
contains antigenic proteins known as "C-proteins" (alpha, 
beta, gamma and delta) , some of which have been cloned. 

20 

Although GBS is a common component of the normal human 
vaginal and colonic flora this pathogen has long been 
recognized as a major cause of infections in neonates or 
infants, expectant mothers, some non-pregnant adults as well 
25 as mastitis in dairy herds. Expectant mothers exposed to 

GBS are at risk of postpartum infection and may transfer the 
infection to their baby as the child passes through the 
birth canal. 

30 GBS infections in infants are: restricted to very early 

infancy. Approximately 80% of infant infections occur in the 
first days of life, so-called early-onset disease. Late- 
onset infections occur in infants between 1 week and 2 to 3 
months of age. Clinical syndromes of GBS disease in 

35 newborns include sepsis, meningitis, pneumonia, cellulitis, 
osteomyelitis, septic arthritis, endocarditis and 
epiglottis. In addition to acute illness due to GBS, which 
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is itself costly, GBS infections in newborns can result in 
death, disability, and, in rare instances, recurrence of 
infection. Although the organism is sensitive to 
antibiotics, the high attack rate and rapid onset of sepsis 
5 in neonates and meningitis in infants results in high 
morbidity and mortality. 

Among pregnant women, GBS causes clinical illness ranging 
from mild urinary tract infection to life- threatening sepsis 
10 and meningitis, including also osteomyelitis, endocarditis, 
amniotis, endometritis, wound infections (postcesarean and 

C».*" Os*-» -» C» y op] "I j.O $ t- -y es -F ^.O "» T tr 
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Among non-pregnant adults, the clinical presentations of 
15 invasive GBS disease most often take the form of primary 
bacteremia but also skin or soft tissue infection, 
pneumonia, urosepsis, endocarditis, peritonitis, meningitis, 
empyema. Skin or soft tissue infections include cellulitis, 
infected peripheral ulcers, osteomyelitis, septic arthritis 
20 and decubiti or wound infections. Among people at risk, 

there are debilitated hosts such as people with a chronic 
disease such as diabetes mellitus and cancer, or elderly 
people . 

25 GBS infections can also occur in animals and cause mastitis 
in dairy herds. 

Type-specific polysaccharides have proven to be poorly 
immunogenic in hosts and are restricted to the particular 
30 serotype from which the polysaccharide originates. Further, 
capsular polysaccharide elicit a T cell independent response 
i.e. no IgG production. Consequently capsular 
polysaccharide antigens are unsuitable as a vaccine 
component for protection against GBS infection. 

35 

Others have focused on the C-protein beta antigen which 
demonstrated immunogenic properties in mice and rabbit 
models. This protein was found to be unsuitable as a human 
vaccine because of its undesirable property of interacting 

2 
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with high affinity and in a non- immunogenic manner with the 
Fc region of human IgA. The C-protein alpha antigen is rare 
in type III serotypes of GBS which is the serotype 
responsible for most GBS mediated conditions and is 
5 therefore of little use as a vaccine component. 

There remains an unmet need for GBS antigens that may be 
used as vaccine components for the prophylaxis and/or 
therapy of GBS infection. 

10 

SUMMARY OF THE XNVENTrON 

According to one aspect, the present invention provides an 
isolated polynucleotide encoding a polypeptide having at least 
15 80% identity to a second polypeptide comprising a sequence 

chosen from SEQ ID Nos : 2, or fragments or analogs thereof. 

According to one aspect, the present invention relates to 
polypeptides comprising SEQ ID No : 2 or fragments or 
20 analogs thereof. 

In other aspects, there are provided polypeptides encoded by 
polynucleotides of the invention, pharmaceutical 
composition, vectors comprising polynucleotides of the 
25 invention operably linked to an expression control region, 
as well as host cells transfected with said vectors and 
processes for producing polypeptides comprising culturing 
said host cells under conditions suitable for expression. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 represents the DNA sequence of PVH-A4 gene from 
serotype III Group B streptococcus strain COH1; (SEQ ID NO: 
1) . The underlined portion of the sequence represents the 
region coding for the leader peptide . 

35 

Figure 2 represents the amino acid sequence of BVH-A4 
protein from serotype III Group B streptococcus strain COH1; 

3 
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(SEQ ID NO: 2) . The underlined sequence represents the 22 
amino acid residues leader peptide. 

5 DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides purified and isolated 
polynucleotides , which encode Streptococcal polypeptides 
that may be used to prevent, diagnose and/or treat 
Streptococcal infection . 

10 

According to one aspect , the present invention provides an 
isolated polynucleotide encoding a polypeptide having at 
least 80% identity to a second polypeptide comprising a 
sequence chosen from SEQ ID NO: 2 or fragments or analogs 
15 thereof. 

According to one aspect, the present invention provides an 
isolated polynucleotide encoding a polypeptide having at 
least 90% identity to a second polypeptide comprising a 
20 sequence chosen from SEQ ID NO: 2 or fragments or analogs 
thereof . 

According to one aspect, the present invention provides an 
isolated polynucleotide encoding a polypeptide having at 
25 least 95% identity to a second polypeptide comprising a 

sequence chosen from SEQ ID NO: 2 or fragments or analogs 
thereof • 

According to one aspect, the present invention relates to 
30 polypeptides comprising SEQ ID No : 2 or fragments or 
analogs thereof. 

According to one aspect, the present invention provides a 
polynucleotide encoding an epitope bearing portion of a 

4 
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polypeptide comprising SEQ ID NO: 2 or fragments or analogs 
thereof. 

According to one aspect, the present invention relates to 
5 epitope bearing portions of a polypeptide comprising SEQ ID 
NO: 2 or fragments or analogs thereof. 

According to one aspect, the present invention provides an 
isolated polynucleotide encoding a polypeptide having at 
10 least 80% identity to a second polypeptide comprising SEQ ID 
NO: 2. 

According to one aspect, the present invention provides an 
isolated polynucleotide encoding a polypeptide having at 
15 least 90% identity to a second polypeptide comprising SEQ ID 
NO: 2. 

According to one aspect, the present invention provides an 
isolated polynucleotide encoding a polypeptide having at 
20 least 95% identity to a second polypeptide comprising SEQ ID 
NO: 2. 

According to one aspect, the present invention relates to 
polypeptides comprising SEQ ID No : 2 . 
25 According to one aspect, the present invention provides a 
polynucleotide encoding an epitope bearing portion of a 
polypeptide comprising SEQ ID NO: 2. 

According to one aspect, the present invention relates to 
30 epitope bearing portions of a polypeptide comprising SEQ ID 
NO: 2. 

5 
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According to one aspect, the present invention provides an 
isolated polynucleotide comprising a polynucleotide chosen 
from: 

(a) a polynucleotide encoding a polypeptide having at least 
5 80% identity to a second polypeptide comprising a 

sequence chosen from: SEQ ID NO: 2 or fragments or 
analogs thereof; 

(b) a polynucleotide encoding a polypeptide having at least 
95% identity to a second polypeptide comprising a 

10 sequence chosen from: SEQ ID NO: 2 or fragments or 

analogs thereof; 

(c) a polynucleotide encoding a polypeptide comprising a 
sequence chosen from: SEQ ID NO: 2 or fragments or 
analogs thereof; 

15 (d) a polynucleotide encoding a polypeptide capable of 

generating antibodies having binding specificity for a 
polypeptide comprising a sequence chosen from: SEQ ID 
NO: 2 or fragments or analogs thereof; 

(e) a polynucleotide encoding an epitope bearing portion of 
20 a polypeptide comprising a sequence chosen from SEQ ID 

NO: 2 or fragments or analogs thereof; 

(f) a polynucleotide comprising a sequence chosen from SEQ 
ID NO: 1 or fragments or analogs thereof; 

(g) a polynucleotide that is complementary to a 

25 polynucleotide in (a), (b) , (c) , (d) , (e) or (f ) . 

According to one aspect, the present invention provides an 
isolated polynucleotide comprising a polynucleotide chosen 
from: 

30 (a) a polynucleotide encoding a polypeptide having at least 
80% identity to a second polypeptide comprising a 
sequence chosen from: SEQ ID NO: 2; 



6 
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(b) a polynucleotide encoding a polypeptide having at least 
95% identity to a second polypeptide comprising a 
sequence chosen from: SEQ ID NO: 2; 

(c) a polynucleotide encoding a polypeptide comprising a 
5 sequence chosen from: SEQ ID NO: 2; 

(d) a polynucleotide encoding a polypeptide capable of 
raising antibodies having binding specificity for a 
polypeptide comprising a sequence chosen from: SEQ ID 
NO: 2; 

10 (e) a polynucleotide encoding an epitope bearing portion of 
a polypeptide comprising a sequence chosen from SEQ TD 
NO: 2; 

(f) a polynucleotide comprising a sequence chosen from SEQ 
ID NO: 1; 

15 (g) a polynucleotide that is complementary to a 

polynucleotide in (a), (b) , (c), (d) , (e) or (f ) . 

According to one aspect, the present invention provides an 
isolated polypeptide comprising a polypeptide chosen from: 
20 (a) a polypeptide having at least 80% identity to a second 
polypeptide comprising SEQ ID NO: 2, or fragments or 
analogs thereof; 

(b) a polypeptide having at least 95% identity to a second 
polypeptide comprising SEQ ID NO: 2, or fragments or 

25 analogs thereof; 

(c) a polypeptide comprising SEQ ID NO: 2, or fragments or 
analogs thereof; 

(d) a polypeptide capable of raising antibodies having 
binding specificity for a polypeptide comprising SEQ ID 

30 NO: 2, or fragments or analogs thereof; 

(e) an epitope bearing portion of a polypeptide comprising 
SEQ ID NO: 2, or fragments or analogs thereof; 

(f) the polypeptide of (a) , (b) , (c) , (d) , (e) or (f) 
wherein the N-terminal Met residue is deleted; 

7 
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(g) the polypeptide of (a), (b) , (c) , (d) , (e) or (f) 

wherein the secretory amino acid sequence is deleted. 

According to one aspect, the present invention provides an 
5 isolated polypeptide comprising a polypeptide chosen from: 

(a) a polypeptide having at least 80% identity to a second 
polypeptide comprising SEQ ID NO: 2; 

(b) a polypeptide having at least 95% identity to a second 
polypeptide comprising SEQ ID NO: 2; 

10 (c) a polypeptide comprising SEQ ID NO: 2; 

(d) a polypeptide capable of raising antibodies having 
binding specificity for a polypeptide comprising SEQ ID 
NO: 2 ; 

(e) an epitope bearing portion of a polypeptide comprising 
15 SEQ ID NO: 2; 

(f) the polypeptide of (a), (b) , (c) , (d) , (e) or (f) 
wherein the N-terminal Met residue is deleted; 

(g) the polypeptide of (a), (b) , (c) , (d) , (e) or (f) 
wherein the secretory amino acid sequence is deleted. 

20 

Those skilled in the art will appreciate that the invention 
includes DNA molecules, i.e. polynucleotides and their 
complementary sequences that encode analogs such as mutants, 
variants, homologues and derivatives of such polypeptides, 

25 as described herein in the present patent application. The 
invention also includes RNA molecules corresponding to the 
DNA molecules of the invention. In addition to the DNA and 
RNA molecules, the invention includes the corresponding 
polypeptides and monospecific antibodies that specifically 

30 bind to such polypeptides. 

In a further embodiment, the polypeptides in accordance with 
the present invention are antigenic. 

8 
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In a further embodiment, the polypeptides in accordance with 
the present invention are immunogenic. 

5 In a further embodiment, the polypeptides in accordance with 
the present invention can elicit an immune response in a 
host . 

In a further embodiment, the present invention also relates 
10 to polypeptides which are able to raise antibodies having 
binding specificity to the polypeptides of the present 
invention as defined above. 

An antibody that "has binding specificity" is an antibody 
15 that recognizes and binds the selected polypeptide but which 
does not substantially recognize and bind other molecules in 
a sample, e.g., a biological sample, which naturally 
includes the selected peptide. Specific binding can be 
measured using an ELISA assay in which the selected 
20 polypeptide is used as an antigen. 

In accordance with the present invention, "protection" in 
the biological studies is defined by a significant increase 
in the survival curve, rate or period. Statistical analysis 

25 using the Log rank test to compare survival curves, and 

Fisher exact test to compare survival rates and numbers of 
days to death, respectively, might be useful to calculate P 
values and determine whether the difference between the two 
groups is statistically significant. P values of 0.05 are 

30 regarded as not significant. 

9 
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In an additional aspect of the invention there are provided 
antigenic/ immunogenic fragments of the polypeptides of the 
invention! or of analogs thereof. 

5 The fragments of the present invention should include one or 
more such epitopic regions or be sufficiently similar to 
such regions to retain their antigenic/immunogenic 
properties. Thus, for fragments according to the present 
invention the degree of identity is perhaps irrelevant, 

10 since they may be 100% identical to a particular part of a 
polypeptide or analog thereof as described herein. The 
present invention further provides fragments having at least 
10 contiguous amino acid residues from the polypeptide 
sequences of the present invention. In one embodiment, at 

15 least 15 contiguous amino acid residues. In one embodiment, 
at least 20 contiguous amino acid residues. 

The skilled person will appreciate that analogs of the 
polypeptides of the invention will also find use in the 
20 context of the present invention, i.e. as 

antigenic/ immunogenic material. Thus, for instance proteins 
or polypeptides which include one or more additions, 
deletions, substitutions or the like are encompassed by the 
present invention. 

25 

As used herein, "fragments", "analogs" or "derivatives" of 

the polypeptides of the invention include those polypeptides 

in which one or more of the amino acid residues are 

substituted with a conserved or non-conserved amino acid 

30 residue (preferably conserved) and which may be natural or 

unnatural. In one embodiment, derivatives and analogs of 

polypeptides of the invention will have about 80% identity 

with those sequences illustrated in the figures or fragments 

10 
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thereof. That is, 80% of the residues are the same. In a 
further embodiment, polypeptides will have greater than 80% 
identity. In a further embodiment, polypeptides will have 
greater than 85% identity. In a further embodiment, 
5 polypeptides will have greater than 90% identity. In a 

further embodiment, polypeptides will have greater than 95% 
identity. In a further embodiment, polypeptides will have 
greater than 99% identity. In a further embodiment, analogs 
of polypeptides of the invention will have fewer than about 
10 20 amino acid residue substitutions, modifications or 
deletions and more preferably less than 10. 

These substitutions are those having a minimal influence on 
the secondary structure and hydropathic nature of the 

15 polypeptide. Preferred substitutions are those known in the 
art as conserved, i.e. the substituted residues share 
physical or chemical properties such as hydrophobicity , 
size, charge or functional groups. These include 
substitutions such as those described by Dayhoff, M. in 

20 Atlas of Protein Sequence and Structure 5., 1978 and by 

Argos, P. in EMBO J. a, 779-785, 1989. For example, amino 
acids, either natural or unnatural, belonging to one of the 
following groups represent conservative changes: 
ala, pro, gly, gin, asn, ser, thr, val; 

2 5 cys, ser, tyr, thr; 

val, ile, leu, met, ala, phe; 
lys, arg, orn, his; 
and phe, tyr, trp, his. 

The preferred substitutions also include substitutions of D- 
30 enantiomers for the corresponding L-amino acids. 

In an alternative approach, the analogs could be fusion 
proteins, incorporating moieties which render purification 

11 
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easier, for example by effectively tagging the desired 
polypeptide. It may be necessary to remove the "tag" or it 
may be the case that the fusion polypeptide itself retains 
sufficient antigenicity to be useful. 

The percentage of homology is defined as the sum of the 
percentage of identity plus the percentage of similarity or 
conservation of amino acid type . 

In one embodiment , ar.alG^s of -polypeptides of the invention 
will have about 80% identity with those sequences 
illustrated in the figures or fragments thereof. That is, 
80% of the residues are the same. In a further embodiment, 
polypeptides will have greater than 85% identity. In a 
further embodiment, polypeptides will have greater than 90% 
identity. In a further embodiment, polypeptides will have 
greater than 95% identity. In a further embodiment, 
polypeptides will have greater than 99% identity. In a 
further embodiment, analogs of polypeptides of the invention 
will have fewer than about 20 amino acid residue 
substitutions, modifications or deletions and more 
preferably less than 10. 

In one embodiment, analogs of polypeptides of the invention 
25 will have about 80% homology with those sequences 

illustrated in the figures or fragments thereof. In a 
further embodiment, polypeptides will have greater than 85% 
homology. In a further embodiment, polypeptides will have 
greater than 90% homology. In a further embodiment, 
30 polypeptides will have greater than 95% homology. In a 

further embodiment, polypeptides will have greater than 99% 
homology. In a further embodiment, analogs of polypeptides 

12 
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of the invention will have fewer than about 2 0 amino acid 
residue substitutions, modifications or deletions and more 
preferably less than 10. 

5 One can use a program such as the CLUSTAL™ program to 

compare amino acid sequences. This program compares amino 
acid sequences and finds the optimal alignment by inserting 
spaces in either sequence as appropriate. It is possible to 
calculate amino acid identity or homology for an optimal 

10 alignment. A program like BlASTx™ will align the longest 
stretch of similar sequences and assign a value to the fit. 
It is thus possible to obtain a comparison where several 
regions of similarity are found, each having a different 
score. Both types of identity analysis are contemplated in 

15 the present invention. 

In an alternative approach, the analogs or derivatives could 
be fusion polypeptides, incorporating moieties which render 
purification easier, for example by effectively tagging the 
20 desired protein or polypeptide, it may be necessary to 
remove the "tag" or it may be the case that the fusion 
polypeptide itself retains sufficient antigenicity to be 
useful . 

25 It is well known that is possible to screen an antigenic 

polypeptide to identify epitopic regions, i.e. those regions 
which are responsible for the polypeptide' s antigenicity or 
immunogenicity . Methods for carrying out such screening are 
well known in the art. Thus, the fragments of the present 

30 invention should include one or more such epitopic regions 
or be sufficiently similar to such regions to retain their 
antigenic/immunogenic properties. 

13 
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Thus, for fragments according to the present invention the 
degree of identity is perhaps irrelevant/ since they may be 
100% identical to a particular part of a polypeptide, analog 
as described herein. 

5 

Thus, what is important for analogs, derivatives and 
fragments is that they possess at least a degree of the 
antigenicity/immunogenicity of the protein or polypeptide 
from which they are derived. 

10 

Also included are polypeptides which have fused thereto 
other compounds which alter the polypeptides biological or 
pharmacological properties i.e. polyethylene glycol (PEG) to 
increase half -life; leader or secretory amino acid sequences 
15 for ease of purification; prepro- and pro- sequences; and 
(poly) saccharides . 

Furthermore, in those situations where amino acid regions 
are found to be polymorphic, it may be desirable to vary one 
20 or more particular amino acids to more effectively mimic the 
different epitopes of the different Streptococcus strains. 

Moreover, the polypeptides of the present invention can be 
modified by terminal -NH 2 acylation (eg. by acetylation, or 
25 thioglycolic acid amidation, terminal carboxy amidation, 
e.g. with ammonia or methylamine) to provide stability, 
increased hydrophobicity for linking or binding to a support 
or other molecule . 

30 Also contemplated are hetero and homo polypeptide multimers 

of the polypeptide fragments and analogues. These polymeric 

forms include, for example, one or more polypeptides that 

have been cross-linked with cross-linkers such as 

14 
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avidin/biotin, gluteraldehyde or dimethyl superimi date . Such 
polymeric forms also include polypeptides containing two or 
more tandem or inverted contiguous sequences, produced from 
multicistronic mRNAs generated by recombinant DNA 
5 technology. 

In a further embodiment , the present invention also relates 
to chimeric polypeptides which comprise one or more 
polypeptides or fragments or analogs thereof as defined in 

10 the f±g.ure.s o£ the present application. 

In a further embodiment, the present invention also relates 
to chimeric polypeptides comprising two or more polypeptides 
having a sequence chosen from SEQ ID NO: 2, or fragments or 
15 analogs thereof; provided that the polypeptides are linked 
as to formed a chimeric polypeptide. 

In a further embodiment, the present invention also relates 
to chimeric polypeptides comprising two or more polypeptides 
20 having a sequence chosen from SEQ ID NO: 2 provided that the 
polypeptides are linked as to formed a chimeric polypeptide. 

Preferably, a fragment, analog or derivative of a 
polypeptide of the invention will comprise at least one 
25 antigenic region i.e. at least one epitope. 

In order to achieve the formation of antigenic polymers 
(i.e. synthetic multimers) , polypeptides may be utilized 
having bishaloacetyl groups, nitroarylhalides, or the like, 
30 where the reagents being specific for thio groups. 

Therefore, the link between two mercapto groups of the 
different polypeptides may be a single bond or may be 
composed of a linking group of at least two, typically at 
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least four, and not more than 16, but usually not more than 
about 14 carbon atoms. 

In a particular embodiment, polypeptide fragments and 
5 analogs of the invention do not contain a starting residue, 
such as methionine (Met) or valine (Val) . Preferably, 
polypeptides will not incorporate a leader or secretory 
sequence (signal sequence) . The signal portion of a 
polypeptide of the invention may be determined according to 
10 established molecular biological techniques. In general, 
the polypeptide of interest may be isolated from a 
streptococcal culture and subsequently sequenced to 
determine the initial residue of the mature protein and 
therefore the sequence of the mature polypeptide. 

15 

It is understood that polypeptides can be produced and/or 
used without their start codon (methionine or valine) and/or 
without their leader peptide to favor production and 
purification of recombinant polypeptides. It is known that 

20 cloning genes without sequences encoding leader peptides 

will restrict the polypeptides to the cytoplasm of E. coli 
and will facilitate their recovery (Glick, B.R. and 
Pasternak, J.J. (1998) Manipulation of gene expression in 
prokaryotes. In "Molecular biotechnology: Principles and 

25 applications of recombinant DNA", 2nd edition, ASM Press, 
Washington DC, p. 109-143). 

According to another aspect of the invention, there are also 
provided (i) a composition of matter containing a 
30 polypeptide of the invention, together with a carrier, 
diluent or adjuvant; (ii) a pharmaceutical composition 
comprising a polypeptide of the invention and a carrier, 
diluent or adjuvant; (iii) a vaccine comprising a 
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polypeptide of the invention and a carrier, diluent or 
adjuvant; (iv) a method for inducing an immune response 
against Streptococcus, in a host, by administering to the 
host, an immunogenically effective amount of a polypeptide 
5 of the invention to elicit an immune response, e.g., a 
protective immune response to R^rfip^ nrnnnufl ; and 
particularly, (v) a method for preventing and/or treating a 
Streptococcus infection, by administering a prophylactic or 
therapeutic amount of a polypeptide of the invention to a 
10 host in need. 

According to another aspect of the invention, there are also 
provided (i) a composition of matter containing a 
polynucleotide of the invention, together with a carrier, 

15 diluent or adjuvant; (ii) a pharmaceutical composition 

comprising a polynucleotide of the invention and a carrier, 
diluent or adjuvant; (iii) a method for inducing an immune 
response against Streptococcus , in a host, by administering 
to the host, an immunogenically effective amount of a 

20 polynucleotide of the invention to elicit an immune 
response, e.g., a protective immune response to 
Streptococcus ; and particularly, (iv) a method for 
preventing and/or treating a Streptococcus infection, by 
administering a prophylactic or therapeutic amount of a 

25 polynucleotide of the invention to a host in need. 

Before immunization, the polypeptides of the invention can 
also be coupled or conjugated to carrier proteins such as 
tetanus toxin, diphtheria toxin, hepatitis B virus surface 
30 antigen, poliomyelitis virus VP1 antigen or any other viral 
or bacterial toxin or antigen or any suitable proteins to 
stimulate the development of a stronger immune response. 
This coupling or conjugation can be done chemically or 
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genetically. A more detailed description of peptide-carrier 
conjugation is available in Van Regenmortel , M.H.V., Briand 
J. P., Muller S., Plaue S., «Synthetic Polypeptides as 
antigens* in Laboratory Techniques in Biochemistry and 
5 Molecular Biology, Vol.19 (ed.) Burdou, R.H. & Van 
Knippenberg P.H. (1988), Elsevier New York. 

According to another aspect, there are provided 
pharmaceutical compositions comprising one or more 

10 Streptococcal polypeptides of the invention in a mixture 
with a pharmaceutically acceptable adjuvant. Suitable 
adjuvants include (1) oil -in- water emulsion formulations 
such as MF59™, SAF™, Ribi™ ; (2) Freund 1 s complete or 
incomplete adjuvant; (3) salts i.e. AlK(S0 4 ) 2/ AlNa(S0 4 ) 2 , 

15 A1NH 4 (S0 4 ) 2 , Al(OH) 3 , AlP0 4 , silica, kaolin; (4) saponin 
derivatives such as Stimulon™ or particles generated 
therefrom such as ISCOMs (immunostimulating complexes) ; (5) 
cytokines such as interleukins, interferons, macrophage 
colony stimulating factor (M-CSF) , tumor necrosis factor 

20 (TNF) ; (6) other substances such as carbon polynucleotides 
i.e. poly IC and poly AU, detoxified cholera toxin (CTB)and 
E.coli heat labile toxin for induction of mucosal immunity. 
A more detailed description of adjuvant is available in a 
review by M.Z.I Khan et al . in Pharmaceutical Research, vol. 

25 11, No. 1 (1994) pp2-ll, and also in another review by Gupta 
et al., in Vaccine, Vol. 13, No. 14, ppl263-1276 (1995) and 
in WO 99/24578. Preferred adjuvants include QuilA™, QS21™, 
Alhydrogel™ and Adjuphos™. 

30 Pharmaceutical compositions of the invention may be 

administered parenterally by injection, rapid infusion, 
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nasopharyngeal absorption, dermoabsorption, or buccal or 
oral • 

Pharmaceutical compositions of the invention are used for 
5 the prophylaxis or treatment of streptococcal infection 
and/or diseases and symptoms mediated by streptococcal 
infection as described in Manual of Clinical Microbiology, 
P.R. Murray (Ed, in chief), E.J. Baron, NLA. Pfaller, F.C. 
Tenover and R.H. Yolken. ASM Press, Washington, D.C. 

10 seventh edition. 1999, 1773p. In one embodiment, 

pharmaceutical compositions of the present invention are 
used for the prophylaxis or treatment of pharyngitis, 
erysipelas and impetigo, scarlet fever, and invasive 
diseases such as bacteremia and necrotizing fasciitis and 

15 also toxic shock. In one embodiment, pharmaceutical 

compositions of the invention are used for the treatment or 
prophylaxis of Streptococcus infection and/or diseases and 
symptoms mediated by streptococcus infection, in particular 
group B atrfipJt^cocciia (GBS or S . agalactiae) , group A 

20 St:repf.Qrnrmis ( Gtr-f>p^r>nnnr>Aia pyngfinPfl) r fj .pneumoniae, 

s.dyggalactiae , S.uberis, S.nocarriia as well as 
fihaphyl ocionriiifl aureus . In a further embodiment, the 
shrfiptncocHis infection is group B Streptococcus (GBS or 
S.agalactiae) . 

25 

In a further embodiment, the invention provides a method for 
prophylaxis or treatment of Streptococcus infection in a 
host susceptible to Streptococcus infection comprising 
administering to said host a prophylactic or therapeutic 
30 amount of a composition of the invention. 
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In a further embodiment, the invention provides a method for 
prophylaxis or treatment of GBS infection in a host 
susceptible to GBS infection comprising administering to 
said host a prophylactic or therapeutic amount of a 
5 composition of the invention. 

As used in the present application, the term "host" includes 
mammals. In a further embodiment, the mammal is a member of 
a dairy herd. In a further embodiment, the mammal is an 
10 expectant mother. In a further embodiment, the mammal is 
human. In a further embodiment, the host is a pregnant 
woman. In a further embodiment, the host is a non-pregnant 
adult. In a further embodiment, the host is a neonate or an 
infant . 

15 

In a particular embodiment, pharmaceutical compositions are 
administered to those hosts at risk of streptococcus 
infection such as infants, elderly and immunocompromised 
hosts . 

20 

Pharmaceutical compositions are preferably in unit dosage 
form of about 0.001 to 100 |ig/kg (antigen/body weight) and 
more preferably 0.01 to 10 fig/kg and most preferably 0.1 to 
1 M-9/kg 1 to 3 times with an interval of about 1 to 6 week 
25 intervals between immunizations. 

Pharmaceutical compositions are preferably in unit dosage 
form of about 0.1 |ig to 10 mg and more preferably ljig to 1 
mg and most preferably 10 to 100 jag 1 to 3 times with an 
30 interval of about 1 to 6 week intervals between 
immunizations . 
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According to another aspect, there are provided 
polynucleotides encoding polypeptides characterized by the 
amino acid sequence comprising SEQ ID NO: 2 or fragments or 
analogs thereof. 

In one embodiment, polynucleotides are those illustrated in 
SEQ ID No: 1 which may include the open reading frames 
(ORF) , encoding the polypeptides of the invention. 

It will be appreciated that the polynucleotide S-^quence-s 
illustrated in the figures may be altered with degenerate 
codons yet still encode the polypeptides of the invention. 
Accordingly the present invention further provides 
polynucleotides which hybridize to the polynucleotide 
sequences herein above described (or the complement 
sequences thereof) having 80% identity between sequences. In 
one embodiment, at least 85% identity between sequences. In 
one embodiment, at least 90% identity between sequences. In 
a further embodiment , polynucleotides are hybridizable under 
stringent conditions i.e. having at least 95% identity. In 
a further embodiment, more than 97% identity. 

Suitable stringent conditions for hybridation can be readily 
determined by one of skilled in the art (see for example 
Sambrook et al . , (1989) Molecular cloning : A Laboratory 

Manual, 2 nd ed, Cold Spring Harbor, N.Y.; Current Protocols 
in Molecular Biology, (1999) Edited by Ausubel F.M. et al . , 

John Wiley & Sons, Inc., N. Y, ) . 

In a further embodiment, the present invention provides 
polynucleotides that hybridize under stringent conditions to 
either 

(a) a DNA sequence encoding a polypeptide or 
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(b) the complement of a DNA sequence encoding a 
polypeptide; 

wherein said polypeptide comprises SEQ ID NO: 2 or fragments or 
analogs thereof . 

5 

In a further embodiment, the present invention provides 
polynucleotides that hybridize under stringent conditions to 
either 

(a) a DNA sequence encoding a polypeptide or 
10 (b) the complement of a DNA sequence encoding a 

polypeptide; 

wherein said polypeptide comprises SEQ ID NO: 2. 

In a further embodiment, the present invention provides 
polynucleotides that hybridize under stringent conditions to 
either 

(a) a DNA sequence encoding a polypeptide or 

(b) the complement of a DNA sequence encoding a 
polypeptide; 

wherein said polypeptide comprises at least 10 contiguous 
amino acid residues from a polypeptide comprising SEQ ID 
NO: 2 or fragments or analogs thereof. 

In a further embodiment, the present invention provides 
polynucleotides that hybridize under stringent conditions to 
either 

(a) a DNA sequence encoding a polypeptide or 

(b) the complement of a DNA sequence encoding a 
polypeptide; 

wherein said polypeptide comprises at least 10 contiguous 
amino acid residues from a polypeptide comprising SEQ ID NO: 
2. 

In a further embodiment, polynucleotides of the invention 
35 are those encoding polypeptides of the invention illustrated 
in SEQ ID NO: 2 or fragments or analogs thereof. 
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In a further embodiment, polynucleotides of the invention 
are those illustrated in SEQ ID NO: 1 encoding polypeptides 
of the invention or fragments or analogs thereof. 

5 

In a further embodiment, polynucleotides of the invention 
are those encoding polypeptides of the invention illustrated 
in SEQ ID NO: 2. 

10 In a further embodiment, polynucleotides of the invention 

are those illustrated in SEQ ID NO: 1 encoding polypeptides 
of the invention. 

As will be readily appreciated by one skilled in the art, 
15 polynucleotides include both DNA and RNA. 

The present invention also includes polynucleotides 
complementary to the polynucleotides described in the 
present application. 

20 

In a further aspect, polynucleotides encoding polypeptides 
of the invention, or fragments, analogs or derivatives 
thereof, may be used in a DNA immunization method. That is, 
they can be incorporated into a vector which is replicable 
25 and expressible upon injection thereby producing the 

antigenic polypeptide in vivo. For example polynucleotides 
may be incorporated into a plasmid vector under the control 
of the CMV promoter which is functional in eukaryotic cells. 
Preferably the vector is injected intramuscularly. 

30 

According to another aspect, there is provided a process for 
producing polypeptides of the invention by recombinant 
techniques by expressing a polynucleotide encoding said 
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polypeptide in a host cell and recovering the expressed 
polypeptide product. 

Alternatively, the polypeptides can be produced according to 
5 established synthetic chemical techniques i.e. solution 
phase or solid phase synthesis of oligopeptides which are 
ligated to produce the full polypeptide (block ligation) . 

General methods for obtention and evaluation of 
10 polynucleotides and polypeptides are described in the 

following references: Sambrook et al, Molecular Cloning: A 
Laboratory Manual, 2nd ed, Cold Spring Harbor, N.Y., 1989; 
Current Protocols in Molecular Biology, Edited by Ausubel 
F.M. et al . , John Wiley and Sons, Inc. New York; PCR Cloning 
15 Protocols, from Molecular Cloning to Genetic Engineering, 
Edited by White B.A., Humana Press, Totowa, New Jersey, 
1997, 490 pages; Protein Purification, Principles and 
Practices, Scopes R.K., Springer-Verlag, New York, 3rd 
Edition, 1993, 380 pages; Current Protocols in Immunology, 
20 Edited by Coligan J.E. et al . , John Wiley & Sons Inc., New 
York. 

The present invention provides a process for producing a 
polypeptide comprising culturing a host cell of the 
25 invention under conditions suitable for expression of said 
polypeptide . 

For recombinant production, host cells are transfected with 
vectors which encode the polypeptides of the invention, and 
30 then cultured in a nutrient media modified as appropriate 
for activating promoters, selecting transf ormants or 
amplifying the genes. Suitable vectors are those that are 
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viable and replicable in the chosen host and include 
chromosomal, non- chromosomal and synthetic DNA sequences 
e.g. bacterial plasmids, phage DNA, baculovirus, yeast 
plasmids, vectors derived from combinations of plasmids and 
5 phage DNA. The polypeptide sequence may be incorporated in 
the vector at the appropriate site using restriction enzymes 
such that it is operably linked to an expression control 
region comprising a promoter, ribosome binding site 
(consensus region or Shine-Dalgarno sequence) , and 

1G optionally an opera tor (-control element) . One can select 

individual components of the expression control region that 
are appropriate for a given host and vector according to 
established molecular biology principles (Sambrook et al, 
Molecular Cloning: A Laboratory Manual, 2nd ed, Cold Spring 

15 Harbor, N.Y., 1989; Current Protocols in Molecular Biology, 
Edited by Ausubel F.M. et al . , John Wiley and Sons, Inc. New 
York) . Suitable promoters include but are not limited to LTR 
or SV40 promoter, E.coli lac, tac or trp promoters and the 
phage lambda P L promoter. Vectors will preferably 

20 incorporate an origin of replication as well as selection 

markers i.e. ampicilin resistance gene. Suitable bacterial 
vectors include pET, pQE70, pQE60, pQE-9, pDIO phagescript, 
psiX174, pbluescript SK, pbsks, pNH8A, pNH16a, pNH18A, 
pNH46A, ptrc99a, pKK223-3, pKK233-3, pDR540, pRIT5 and 

25 eukaryotic vectors pBlueBacIII, pWLNEO, pSV2CAT, pOG44, 

pXTl, pSG, pSVK3, pBPV, pMSG and pSVL. Host cells may be 
bacterial i.e. R.coli f Bacillus suhtilis, Streptomyces ; 
fungal i.e. ARpftrginns niger. Aspergillus nidulins; yeast 
i.e. Sarcharornycgg or eukaryotic i.e. CHO, COS. 

30 

Upon expression of the polypeptide in culture, cells are 
typically harvested by centrifugation then disrupted by 
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physical or chemical means (if the expressed polypeptide is 
not secreted into the media) and the resulting crude extract 
retained to isolate the polypeptide of interest. 
Purification of the polypeptide from culture media or lysate 
5 may be achieved by established techniques depending on the 
properties of the polypeptide i.e. using ammonium sulfate or 
ethanol precipitation, acid extraction, anion or cation 
exchange chromatography , phosphocellulose chromatography, 
hydrophobic interaction chromatography, hydroxylapatite 
10 chromatography and lectin chromatography. Final 
purification may be achieved using HPLC. 

The polypeptides may be expressed with or without a leader 
or secretion sequence. In the former case the leader may be 
15 removed using post-translational processing (see US 

4,431,739; US 4,425,437; and US 4,338,397) or be chemically 
removed subsequent to purifying the expressed polypeptide. 

According to a further aspect, the streptococcal 
20 polypeptides of the invention may be used in a diagnostic 
test for Streptococcus infection, in particular group B 
streptonnrnifl infection. Several diagnostic methods are 
possible, for example detecting streptococcus organism in a 
biological sample, the following procedure may be followed: 
25 a) obtaining a biological sample from a host; 

b) incubating an antibody or fragment thereof 
reactive with a polypeptide of the invention with the 
biological sample to form a mixture; and 

c) detecting specifically bound antibody or bound 
30 fragment in the mixture which indicates the presence of 
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Alternatively, a method for the detection of antibody- 
specific to a Sf.rephn nnnrinfl antigen in a biological sample 
containing or suspected of containing said antibody may be 
performed as follows: 
5 a) obtaining a biological sample from a host; 

b) incubating one or more polypeptides of the 
invention or fragments thereof with the biological sample to 
form a mixture; and 

c) detecting specifically bound antigen or bound 
10 fragment in the mixture which indicates the presence of 

antibody specific to fit-r^p^ ononnua . 

One of skill in the art will recognize that this diagnostic 
test may take several forms, including an immunological test 
15 such as an enzyme-linked immunosorbent assay (ELISA) , a 

radioimmunoassay or a latex agglutination assay, essentially 
to determine whether antibodies specific for the protein are 
present in an organism. 

20 The DNA sequences encoding polypeptides of the invention may 
also be used to design DNA probes for use in detecting the 
presence of fitrgptononriig in a biological sample suspected 
of containing such bacteria. The detection method of this 
invention comprises : 

25 a) obtaining the biological sample from a host; 

b) incubating one or more DNA probes having a DNA 

sequence encoding a polypeptide of the invention or 
fragments thereof with the biological sample to form a 
mixture ; and 

30 c) detecting specifically bound DNA probe in the 

mixture which indicates the presence of strfiphnmrniLg 
bacteria . 
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The DNA probes of this invention may also be used for 
detecting circulating SlirspfcacQggiia i.e. group B 
st-.rpphnrnnniifl nucleic acids in a sample, for example using a 
5 polymerase chain reaction, as a method of diagnosing 

fitreptonnrma infections. The probe may be synthesized 
using conventional techniques and may be immobilized on a 
solid phase, or may be labelled with a detectable label. A 
preferred DNA probe for this application is an oligomer 

10 having a sequence complementary to at least about 6 
contiguous nucleotides of the group B strfiptnnnnnnn 
polypeptides of the invention. In a further embodiment, the 
preferred DNA probe will be an oligomer having a sequence 
complementary to at least about 15 contiguous nucleotides of 

15 the group B StxapLQCQCCllfl polypeptides of the invention. In 
a further embodiment, the preferred DNA probe will be an 
oligomer having a sequence complementary to at least about 
30 contiguous nucleotides of the group B S t rfiptnnn nnus 
polypeptides of the invention. In a further embodiment, the 

20 preferred DNA probe will be an oligomer having a sequence 

complementary to at least about 50 contiguous nucleotides of 
the group B strfiptomrrna polypeptides of the invention. 

Another diagnostic method for the detection of s fc E£p£ ncinn r?i i g 
2 5 in a host comprises: 

a) labelling an antibody reactive with a polypeptide 
of the invention or fragment thereof with a 
detectable label; 

b) administering the labelled antibody or labelled 
30 fragment to the host; and 
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c) detecting specifically bound labelled antibody or 
labelled fragment in the host which indicates the 
presence of Sla^pti QCQCCua - 

Alternatively, a method for the detection of antibody 
specific to a Streptococcus antigen in a biological sample 
containing or suspected of containing said antibody may be 
performed as follows: 

a) obtaining a biological sample from a host; 

b) incubating one or more Streptococcus polypeptides 
of the invention or fragments thereof with the 
biological sample to form a mixture; and 

c) detecting specifically bound antigen or bound 
fragment in the mixture which indicates the 
presence of antibody specific to Streptococcus . 

One of skill in the art will recognize that the diagnostic 
test may take several forms, including an immunological test 
such as an enzyme-linked immunosorbent assay (ELISA), a 
20 radioimmunoassay or a latex agglutination assay, essentially 
to determine whether antibodies specific for the protein are 
present in an organism. 

The DNA sequences encoding polypeptides of the invention may 
25 also be used to design DNA probes for use in detecting the 
presence of Streptococcus in a biological sample suspected 
of containing such bacteria. The detection method of this 
invention comprises : 

a) obtaining the biological sample from a host; 
30 b) incubating one or more DNA probes having a DNA 

sequence encoding a polypeptide of the invention 
or fragments thereof with the biological sample to 
form a mixture; and 
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c) detecting specifically bound DNA probe in the 
mixture which indicates the presence of 
Streptococcus bacteria. 

5 According to one aspect, the present invention provides the 
use of an antibody for treatment and/or prophylaxis of 
streptococcal infections . 



A further aspect of the invention is the use of the 

10 StrepfcnronmiH polypeptides of the invention as immunogens 

for the production of specific antibodies for the diagnosis 
and in particular the treatment of streptococcus infection. 
Suitable antibodies may be determined using appropriate 
screening methods, for example by measuring the ability of a 

15 particular antibody to passively protect against 

streptococcus infection in a test model . One example of an 
animal model is the mouse model described in the examples 
herein. The antibody may be a whole antibody or an antigen- 
binding fragment thereof and may belong to any 

20 immunoglobulin class. The antibody or fragment may be of 
animal origin, specifically of mammalian origin and more 
specifically of murine, rat or human origin. It may be a 
natural antibody or a fragment thereof, or if desired, a 
recombinant antibody or antibody fragment. The term 

25 recombinant antibody or antibody fragment means antibody or 
antibody fragment which was produced using molecular biology 
techniques. The antibody or antibody fragments may be 
polyclonal, or preferably monoclonal. It may be specific 
for a number of epitopes associated with the Group B 

30 strfipt-nnnrmis polypeptides but is preferably specific for 
one . 
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A further aspect of the invention is the use of the 
antibodies directed to the polypeptides of the invention for 
passive immunization* One could use the antibodies 
described in the present application. 

5 

A further aspect of the invention is a method for 
immunization, whereby an antibody raised by a polypeptide of 
the invention is administered to a host in an amount 
sufficient to provide a passive immunization. 

10 

In a further embodiment, the invention provides the use of a 
pharmaceutical composition of the invention in the 
manufacture of a medicament for the prophylactic or 
therapeutic treatment of streptococcal infection. 

15 

In a further embodiment, the invention provides a kit 
comprising a polypeptide of the invention for detection or 
diagnosis of streptococcal infection. 

20 Unless otherwise defined, all technical and scientific terms 
used herein have the same meaning as commonly understood by- 
one of ordinary skill in the art to which this invention 
belongs. All publications, patent applications, patents, and 
other references mentioned herein are incorporated by 

25 reference in their entirety. In case of conflict, the 

present specification, including definitions, will control. 
In addition, the materials, methods, and examples are 
illustrative only and not intended to be limiting. 



EXAMPLE 1 

This example illustrates the identification of Group B 
streptococcal TWH-A4 gene. 
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Chromosomal DNA was isolated from different Group B 
streptococcal strains as previously described (Jayarao BM et 
al. 1991. J. Clin. Microbiol. 22:2774-2778). A XZAPExpress 
genomic library was constructed using chromosomal DNA 
5 purified from the serotype III Group B streptococcal strain 
COH1 (Children's Hospital and Medical Center, Seattle, WA, 
USA) and screened according to the manufacturer's 
instructions (Stratagene, La Jolla, CA) with a pool of human 
normal sera. Briefly, the purified chromosomal DNA was 
10 partially digested with tsp509I restriction enzyme, and the 

resulting fragments were electrophoresed on a 1% agarose 
gel (Bio-Rad) . Fragments in the 5- to 10-kb size range were 
extracted from the gel and ligated to the EcoRI arms of 

XZAPExpress vector and the vector was encapsidated using 
15 the Gigapack II packaging extract (Stratagene) . The 

recombinant phages were used to infect E - ™l 3 XLl-Blue 
MRF' [A(/ncrA) 183A(mcrCB-hsdSMR-mrr) 173 endAl supE44 thi-1 

recAl gyrA96 relAl lac (F' proAB lacFZAMlB TnlO [Tet R ] ) ] , 

which was then plated onto LB agar. The resulting plaques 
20 were lifted onto Hybond-C nitrocellulose membranes (Amersham 
Pharmacia Biotech, Baie d'Urfee, Canada) pre- impregnated 

with 10 mM Isopropyl-p-d-thiogalactopyranoside (IPTG: ICN 
Biomedicals Inc., Costa Mesa, CA) . The membranes were 
blocked using phosphate-buffered saline (PBS) with 3% skim 

25 milk and were sequentially incubated with the pooled of 
human sera, peroxydase- labeled goat anti-human 
immunoglobulins antisera (Jackson Immunoresearch 
Laboratories Inc., West Grove, PA) and substrate. Positive 
plaques were isolated, purified twice, and the recombinant 

30 pBK-CMV plasmids (Stratagene) were excised with the ExAssist 
helper phage (Stratagene) according to the manufacturer's 
instructions. Immunoblots using phagemid vectors containing 
the cloned insert revealed that the pooled human sera 
reacted with a protein band with an approximate molecular 

35 weight of 100 kDa for the clone Al . This clone was then 
identified as BVH-A4 . The sequence of the insert was 
determined using the TAQ Dye Deoxy Terminator Cycle 
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Sequencing Kit with an Applied Biosystems Inc. (Foster City, 
CA) automated sequencer model 373A according to the 
manufacturer ■ s recommendations . 

5 

EXAMPLE 2 

This example illustrates the cloning of Group B 
streptococcal T3VH-A4 gene, 

10 The coding region of Group B streptococcal BVH-A4 (SEQ ID 

NO: 1) gene without the region coding for the leader peptide 
was amplified by FCR (SNA Thermal Cycler GeneAmp PGR system 
2400 Perkin Elmer, San Jose, CA) from genomic DNA of 
serotype III Group B streptococcal strain COH1 using 

15 oligonucleotide primers that contained base extensions for 
the addition of restriction sites Ncol (CCATGG) and 2\fotl 

(GCGGCCGC) . The oligonucleotide primers (Table 1) DMAR800 
and OCRR588 were used to amplify the RVH-A4 gene. PCR 
products were purified from agarose gel using a QIAquick gel 
20 extraction kit from QIAgen following the manufacturer's 

instructions (Chatsworth, CA) , and digested with Wool and 

NotI (Pharmacia Canada Inc, Baie d'Urf^e, Canada) . The pET- 

21d(+) vector (Novagen, Madison, WI) was digested with Ncol 

and NotI and purified from agarose gel using a QIAquick gel 

25 extraction kit from QIAgen (Chatsworth, CA) . The Ncol -Not! 

PCR product was ligated to the NcoI-NotI pET- 

21d (+) expression vector. The ligated product was 

transformed into K - nnl i strain DH5ct [<|>80dlacZAM15 AdacZYA- 

argF)U169 endAl recAl hsdR17 (r K -m K +) deoR thi-1 supE44 X" 

30 gyrKSS relAl] (Gibco BRL, Gaithersburg, MD) according to the 

method of Simanis (Hanahan, D. DNA Cloning, 1985, D.M. 
Glover (ed) , pp. 109-135) . Recombinant pET-21d (+) plasmid 
(rpET21d(+)) containing RVM-A4 gene was purified using a 
QIAgen plasmid kit (Chatsworth, CA) and DNA insert was 
35 sequenced (Taq Dye Deoxy Terminator Cycle Sequencing kit, 
ABI, Foster City, CA) . 
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It was determined that the open reading frame (ORF) which 
codes for mm-A4 gene (SEQ ID NO: 1) contains 3 168 -bp and 
encodes a 1055 amino acid residues polypeptide with a 
predicted pi of 7.97 and a predicted molecular mass of 
118,151.59 Da. Analysis of the predicted amino acid residues 
sequence (SEQ ID NO : 2) using the Spscan software (Wisconsin 
Sequence Analysis Package; Genetics Computer Group) 
suggested the existence of a 22 amino acid residues signal 
peptide (MTKKHLKTLALALTTVS WTYS ) , which ends with a cleavage 
site situated between a serine and a glutamine residues. 

Table 1. Oligonucleotide primers used for PCR amplifications 



of Group B streptococcal BVH-A4 gene 



Gene 


Primers 
I.D. 


Restriction 
site 


Vector 


Sequence j 


BVH-A4 


DMAR800 


Ncol 


pET21d 


5 ' - 

GCGCCCATGGTGCAGGAGGTATATGGT 
TAGAAAG-3 1 (SEQ ID No: 3) 


BVH-A4 


OCRR587 


BamHl 


pET21b 


5 ' - 

GGTGGATCCGAGAAAGGCTTTATTGTA 
ATG-3 1 (SEQ ID No: 4) 


BVH-A4 


OCRR588 


Notl 


pET21d 
or 

pET2 lb 


5 1 - 

CATATTAATTGCGGCCGCTTTTCTTGC 
TCGTTTTCC-3 1 (SEQ ID No : 5) 


BVH-A4 


DMAR752 


BamHl 


pCMV-GH 


5 1 - 

CGTTGGATCCTCAGGAGGTATATGGAT 
TAGAAAG-3 1 (SEQ ID No : 6) 


BVH-A4 


DMAR753 


Sail 


pCMV-GH 


5'- 

CATCGTCGACTTATTTTCTTGCTCGTT 
TTCC-3' (SEQ ID No: 7) 



15 

EXAMPLE 3 

This example describes the PCR amplification of Group B 
streptococcal BVH-A4 gene from other Group B strains 

20 

To confirm the presence by PCR amplification of BVH-A4 (SEQ 
ID NO :1) gene, the following 11 serologically distinct 
Group B streptococcal strains were used: C388/90 (serotype 
Ia/c) , ATCC12401 (serotype lb) , ATCC27591 (serotype Ic) , 
25 NCS246 (serotype II/R) , NCS954 (serotype III), NCS97SR331 
(serotype IV), NCS535 (serotype V), NCS9842 (serotype VI) , 
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NCS7271 (serotype VII), NCS970886 (serotype VIII), ATCC27956 
(bovine isolate) . These strains were obtained from the 
American Type Culture Collection (Rockville, MD, USA) and 
National Centre for Streptococcus, Provincial Laboratory of 
5 Public Health for Northern Alberta (Edmonton, Canada) . The 
E . rol i strain XLl-Blue MRF 1 was used in these experiments as 
negative control. Chromosomal DNA was isolated from each 
Group B streptococcal strain as previously described 
(Jayarao BM et al . 1991. J. Clin. Microbiol. 22:2774-2778). 

10 RVH-A4 (SEQ ID NO :1) gene was amplified by PCR (DNA Thermal 
Cycler GeneAmp PCR system 2400 Perkin Elmer, San Jose, CA) 
from the genomic DNA purified from the 11 Group E 
streptococcal strains, and the control E . noli strain using 
the oligonucleotides presented in Table 1. The 

15 oligonucleotide primers OCRR587 and OCRR588 were used to 
amplify the RVH-A4 (SEQ ID NO :1) gene. PCR was performed 
with 35 cycles of 30 sec at 94°C, 30 sec at 55°C and 150 
sec at 72 °C and a final elongation period of 3 0 min at 72 °C. 
The PCR products were size fractionated in 1% agarose gels 

20 and were visualized by ethidium bromide staining. The 

results of these PCR amplifications are presented in Table 
2. The analysis of the amplification products revealed that 
BVH-A4 (SEQ ID NO :1) gene was present in the genome of all 
of the 11 Group B streptococcal strains tested. No such 

25 product was detected when the control F! . nnl i DNA was 
submitted to identical PCR amplifications with these 
oligonucleotide primers. 

30 Table 2. Identification of BVH-A4 gene by PCR amplification 



Group B streptococcal isolates 


Strains identification 




RVH-A4 


C388/90 (serotype Ia/c) 


+ 


ATCC12401 (serotype lb) 


+ 


ATCC27591 (serotype Ic) 


+ 


NCS246 (serotype II/R) 


+ 


NCS954 (serotype III) 


+ 


NCS97SR331 (serotype IV) 


+ 
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NCS535 (serotype V) 


+ 


NCS9842 (serotype VI) 




NCS7271 (serotype VII) 


+ 


NCS970886 (serotype VIII) 


+ 


ATCC27956 (bovine isolate) 


+ 


E.noli control strain XL1 Blue MRF 1 





EXAMPLE 4 

This example illustrates the cloning of Group B 
5 streptococcal BVH-A4 gene in CMV plasmid pCMV-GH. 

The DNA coding region of Group B streptococcal BHV-A4 (SEQ 
ID NO :1) without the leader peptide was inserted in phase 
downstream of a human growth hormone (hGH) gene which was 

10 under the transcriptional control of the cytomegalovirus 

(CMV) promotor in the plasmid vector pCMV-GH (Tang et al . , 
Nature, 1992, 356 :152). The CMV promotor is non functional 
plasmid in E - ™1 i cells but active upon administration of 
the plasmid in eukaryotic cells. The vector also 

15 incorporated the ampicillin resistance gene. 

The coding regions of BVH-A4 (SEQ ID NO: 1) gene without 
its leader peptide regions was amplified by PCR (DNA Thermal 
Cycler GeneAmp PCR system 2400 Perkin Elmer, San Jose, CA) 
20 from genomic DNA of serotype III Group B streptococcal 

strain C0H1 using oligonucleotide primers that contained 
base extensions for the addition of restriction sites BamHI 

(GGATCC) and Sail (GTCGAC) . The oligonucleotide primers 

DMAR752 and DMAR753 were used to amplify the BVH-A4 (SEQ ID 
25 NO :1) gene. The PCR product was purified from agarose gel 

using a QIAquick gel extraction kit from QIAgen (Chatsworth, 
CA) , digested with restriction enzymes (Pharmacia Canada 
Inc, Baie d'Urfee, Canada) . The pCMV-GH vector (Laboratory 
of Dr. Stephen A. Johnston, Department of Biochemistry, The 
30 University of Texas, Dallas, Texas) was digested with BamHI 

and Sail and purified from agarose gel using the QIAquick 
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gel extraction kit from QIAgen (Chatsworth, CA) . The BeimHI- 
Sall DNA fragments were ligated to the BeunHI-Sall pCMV-GH 
vector to create the hGH-BVH-A4 fusion protein under the 
control of the CMV promoter. The ligated product was 
5 transformed into E.flnl -i strain DH5a [<|>80dlacZAM15 A(lacZYA- 

argF)U169 endAl recAl hsdR17 (r K -m K +) deoR thi-1 supE44 X' 

gyrA96 relAl] (Gibco BRL, Gaithersburg, MD) according to the 

method of Simanis (Hanahan, D. DNA Cloning, 1985, D.M. 
Glover (ed) , pp. 109-135) . The recombinant pCMV plasmid was 
10 purified using a QIAgen plasmid kit (Chatsworth, CA) and the 
nucleotide sequence of the DNA insert was verified by DNA 
sequencing. 



15 EXAMPLE 5 

This example illustrates the use of DNA to elicit an immune 
response to Group B streptococcal BVH-A4 protein antigen. 

Groups of 8 female BALB/c mice (Charles River, St -Constant, 
20 Quebec, Canada) were immunized by intramuscular injection of 
100 pi three times at two- or three-week intervals with 50 
/xg of recombinant pCMV-GH encoding RVH-A4 (SEQ ID NO :1) 
gene in presence of 50 /xg of granulocyte -macrophage colony- 
stimulating factor (GM-CSF) - expressing plasmid pCMV-GH-GM- 
25 CSF (Laboratory of Dr. Stephen A. Johnston, Department of 

Biochemistry, The University of Texas, Dallas, Texas) . As 
* control, groups of mice were injected with 50 /ig of pCMV-GH 
in presence of 50 fig of pCMV-GH-GM-CSF. Blood samples were 
collected from the orbital sinus prior to each immunization 
30 and seven days following the third injection and serum 

antibody responses were determined by ELISA using purified 

BVH - A4 -His *Tag recombinant proteins as coating antigen. 
35 EXAMPLE 6 
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This example illustrates the production and purification of 
recombinant Group B streptococcal BVH-A4 protein. 

The recombinant pET-21d (+) plasmid with BVH-A4 gene 
5 corresponding to the SEQ ID NO: 1 was used to transform by 
electroporation (Gene Pulser II apparatus, BIO-RAD Labs, 
Mississauga, Canada) R.riol i strain BL21(DE3) (F'ompT hsdS B (r~ 
B m~ B ) gal dcm (DE3 ) ) (Novagen, Madison, WI) . In this strain 
of E - <7oli f the T7 promotor controlling expression of the 
10 recombinant protein is specifically recognized by the T7 RNA 
polymerase (present on the A,DE3 prophage) whose gene is 
under the control of the lac promotor which is inducible by 
isopropyl-S-d-thio-galactopyranoside (IPTG) . The 

transformants BL21 (DE3 ) /rpET were grown at 37°C with 
15 agitation at 250 rpm in LB broth (peptone lOg/L, yeast 

extract 5g/L, NaCl lOg/L) containing 100 /zg of carbenicillin 
(Sigma-Aldrich Canada Ltd. , Oakville, Canada) per ml until 
the A 600 reached a value of 0 . 6 . In order to induce the 
production of Group B streptococcal BVH-A4 -His«Tag 
20 recombinant protein, the cells were incubated for 3 
additional hours in the presence of IPTG at a final 
concentration of 1 mM. Induced cells from a 500 ml culture 
were pelleted by centrif ugation and frozen at -70°C. 

25 The purification of the recombinant proteins from the 
soluble cytoplasmic fraction of IPTG- induced 
BL21 (DE3 ) / rpET21d (+) was done by affinity chromatography 
based on the properties of the His^Tag sequence (6 
consecutive histidine residues) to bind to divalent cations 

30 (Ni 2 *) immobilized on the His^Bind metal chelation resin. 

Briefly, the pelleted cells obtained from a 500 mL culture 
induced with IPTG was resuspended in lysis buffer (20 mM 
Tris, 500 mM NaCl, 10 mM imidazole, pH 7.9) containing 1 mM 
PMSF, sonicated and centrifuged at 12,000 X g for 20 min to 

35 remove debris. The supernatant was deposited on a Ni-NTA 

agarose column (Qiagen, Mississauga, Ontario, Canada) . The 

Group B streptococcal BVH-A4 -His*Tag recombinant protein was 
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eluted with 250 mM imidazole-500 mM NaCl-20 mM Tris pH 7.9. 
The removal of the salt and imidazole from the samples was 
done by dialysis against PBS at 4°C. The quantities of 
recombinant proteins obtained from the soluble fraction of 
5 E - noli were estimated by MicroBCA (Pierce, Rockford, 
Illinois) . 

EXAMPLE 7 

10 This example illustrates the accessibility to antibodies of 
the Group B streptococcal BVH-A4 protein at the surface of 
Group B streptococcal strains. 

Bacteria were grown in Todd Hewitt (TH) broth (Difco 
15 Laboratories, Detroit MI) with 0.5% Yeast extract (Difco 
Laboratories) and 0.5% peptone extract (Merck, Darmstadt, 

Germany) at 37°C in a 8% C0 2 atmosphere to give an OD 490nm of 
0.600 (~10 8 CFU/ml) . Dilutions of anti-BVH-A4 or control sera 
were then added and allowed to bind to the cells, which were 

20 incubated for 2 h at 4°C. Samples were washed 4 times in 

blocking buffer [phosphate -buf f ered saline (PBS) containing 

2% bovine serum albumin (BSA)], and then 1 ml of goat 
fluorescein (FITC) -conjugated anti-mouse IgG + IgM diluted 
in blocking buffer was added. After an additional incubation 
25 of 60 min at room temperature, samples were washed 4 times 

in blocking buffer and fixed with 0.25 % formaldehyde in PBS 

buffer for 18-24 h at 4°C. Cells were washed 2 times in PBS 
buffer and resuspended in 500 fil of PBS buffer. Cells were 
kept in the dark at 4°C until analyzed by flow cytometry 
30 (Epics® XL; Beckman Coulter, Inc.). 

EXAMPLE 8 

This example illustrates the protection against fatal Group 
35 B streptococcal infection induced by passive immunization of 
mice with rabbit hyper- immune sera. 
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New Zealand rabbits (Charles River laboratories/ St- 
Constant, Canada) were injected subcutaneously at multiple 

sites with 50 /xg and 100 fig of BVH-A4 -His^Tag protein that 
was produced and purified as described in Example 6 and 
5 adsorbed to Alhydrogel adjuvant ( Super fos Biosector a/s) . 
Rabbits were immunized three times at three-week intervals 
with the BVH-A4 -His*Tag protein. Blood samples were 
collected three weeks after the third injection. The 
antibodies present in the serum were purified by 

10 precipitation using 40% saturated ammonium sulfate. Groups 
of 10 female CD-I mice (Charles River) were injected 
intravenously with 500 fil of purified serum collected either 
from BVH-A4 -His^Tag immunized rabbits, or rabbits immunized 
with an unrelated control recombinant protein. Eighteen 

15 hours later the mice were challenged with approximately 8xl0 4 
CFU of the Group B streptococcal strain C388/90 (Ia/c) . 
Samples of the Group B streptococcal challenge inoculum were 
plated on blood agar plates to determine the CFU and to 
verify the challenge dose. Deaths were recorded for a 

20 period of 14 days. 



EXAMPLE 9 

This example illustrates the protection of mice against 
25 fatal Group B streptococcal infection induced by 
immuni zat ion . 

Groups of 8 female CD-I mice (Charles River) were immunized 
subcutaneously three times at three-week intervals with 20 

30 /xg of either BVH-A4 -His^Tag protein that was produced and 
purified as described in Example 6 in presence of 10 /xg of 
QuilA adjuvant (Cedarlane Laboratories Ltd, Hornby, Canada) . 
The control mice were injected with QuilA adjuvant alone in 
PBS. Blood samples were collected from the orbital sinus on 

35 day 1, 22 and 43 prior to each immunization and seven days 
(day 50) following the third injection. Two weeks later the 
mice were challenged with approximately 8x1 0 4 CFU of the 
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Group B streptococcal strain C388/90 (Ia/c) . Samples of the 
Group B streptococcal challenge inoculum were plated on 
blood agar plates to determine the CFU and to verify the 
challenge dose. Deaths were recorded for a period of 14 
days . 
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CLAIMS: 

1. An isolated polynucleotide comprising a 
polynucleotide chosen from: 

5 (a) a polynucleotide encoding a polypeptide 

having at least 80% identity to a second polypeptide 
comprising a sequence chosen from: SEQ ID NO: 2 or fragments 
or analogs thereof; 

(b) a polynucleotide encoding a polypeptide 
10 having at least 95% identity to a second polypeptide 

comprising a sequence chosen from: SEQ ID NO: 2 or fragments 
or analogs thereof; 

(c) a polynucleotide encoding a polypeptide 
comprising a sequence chosen from: SEQ ID NO: 2 or fragments 

15 or analogs thereof; 

(d) a polynucleotide encoding a polypeptide 
capable of raising antibodies having binding specificity for 
a polypeptide comprising a sequence chosen from: SEQ ID NO: 
2 or fragments or analogs thereof; 

20 (e) a polynucleotide encoding an epitope bearing 

portion of a polypeptide comprising a sequence chosen from 
SEQ ID NO: 2 or fragments or analogs thereof; 

(f) a polynucleotide comprising a sequence chosen 
from SEQ ID NO: 1 or fragments or analogs thereof; 

25 (g) a polynucleotide that is complementary to a 

polynucleotide in (a), (b) , (c) , (d) , (e) or (f ) . 

2. An isolated polynucleotide comprising a 
polynucleotide chosen from: 

30 (a) a polynucleotide encoding a polypeptide 

having at least 80% identity to a second polypeptide 
comprising a sequence chosen from: SEQ ID NO: 2; 
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(b) a polynucleotide encoding a polypeptide 
having at least 95% identity to a second polypeptide 
comprising a sequence chosen from: SEQ ID NO: 2; 

(c) a polynucleotide encoding a polypeptide 
5 comprising a sequence chosen from: SEQ ID NO: 2; 

(d) a polynucleotide encoding a polypeptide 
capable of raising antibodies having binding specificity for 
a polypeptide comprising a sequence chosen from: SEQ ID NO: 
2; 

10 (e) a polynucleotide encoding an epitope bearing 

portion of a polypeptide comprising a sequence chosen from 

SEQ ID NO: 2; 

(f) a polynucleotide comprising a sequence chosen 

from SEQ ID NO: 1; 
15 (g) a polynucleotide that is complementary to a 

polynucleotide in (a), (b) , (c) , (d) , (e) or (f ) . 



3. The polynucleotide of claim 1, wherein said 
polynucleotide is DNA, 

20 

4. The polynucleotide of claim 2, wherein said 
polynucleotide is DNA. 



5. The polynucleotide of claim 1, wherein said 
25 polynucleotide is RNA. 

6. The polynucleotide of claim 2, wherein said 
polynucleotide is RNA. 



30 7. An isolated polynucleotide that hybridizes under 

stringent conditions to either 

(a) a DNA sequence encoding a polypeptide or 

(b) the complement of a DNA sequence encoding a 
polypeptide; 
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wherein said polypeptide comprises SEQ ID NO: 2 or fragments 
or analogs thereof . 

8. The polynucleotide of claim 1 that hybridizes under 
5 stringent conditions to either 

(a) a DNA sequence encoding a polypeptide or 

(b) the complement of a DNA sequence encoding a 
polypeptide; 

wherein said polypeptide comprises SEQ ID NO: 2, or 
10 fragments or analogs thereof. 

9. The polynucleotide of claim 2 that hybridizes 
under stringent conditions to either 

(a) a DNA sequence encoding a polypeptide or 
15 (b) the complement of a DNA sequence encoding a 

polypeptide; 

wherein said polypeptide comprises SEQ ID NO: 2. 

10. The polynucleotide of claim 1 that hybridizes 
20 under stringent conditions to either 

(a) a DNA sequence encoding a polypeptide or 

(b) the complement of a DNA sequence encoding 
a polypeptide; 

wherein said polypeptide comprises at least 10 contiguous 
25 amino acid residues from a polypeptide comprising SEQ ID NO: 
2, or fragments or analogs thereof. 

11- The polynucleotide of claim 2 that hybridizes 

under stringent conditions to either 
30 (a) a DNA sequence encoding a polypeptide or 

(b) the complement of a DNA sequence encoding 
a polypeptide; 

wherein said polypeptide comprises at least 10 contiguous 
amino acid residues from a polypeptide comprising SEQ ID 
35 NO: 2. 
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12. A vector comprising the polynucleotide of claim 1, 

wherein said DNA is operably linked to an expression control 
region. 

5 13 . A vector comprising the polynucleotide of claim 2, 

wherein said DNA is operably linked to an expression control 
region. 

14. A host cell transfected with the vector of 

J.U Cj.ctJ.TTi j.<g • 

15. A host cell transfected with the vector of 
claim 13 . 

15 16. A process for producing a polypeptide comprising 

culturing a host cell according to claim 14 under conditions 
suitable for expression of said polypeptide . 

17. A process for producing a polypeptide comprising 
20 culturing a host cell according to claim 15 under condition 

suitable for expression of said polypeptide. 

18. An isolated polypeptide comprising a polypeptide 
chosen from: 

25 (a) a polypeptide having at least 80% identity to 

a second polypeptide having an amino acid sequence 
comprising: SEQ ID NO: 2, or fragments or analogs thereof; 

(b) a polypeptide having at least 95% identity to 
a second polypeptide having an amino acid sequence 

30 comprising: SEQ ID NO: 2, or fragments or analogs thereof; 

(c) a polypeptide comprising a sequence chosen 
from SEQ ID NO: 2, or fragments or analogs thereof; 
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(d) a polypeptide capable of raising antibodies 
having binding specificity for a polypeptide comprising SEQ 
ID NO: 2, or fragments or analogs thereof; 

(e) an epitope bearing portion of a polypeptide 
5 comprising SEQ ID NO: 2, or fragments or analogs thereof; 

(f) the polypeptide of (a), (b) , (c) , (d) , or (e) 
wherein the N-terminal Met residue is deleted; 

(g) the polypeptide of (a), (b) , (c) , (d) , (e) , 
or (f) wherein the secretory amino acid sequence is deleted. 

10 

19. An isolated polypeptide comprising a polypeptide 
chosen from: 

(a) a polypeptide having at least 80% identity to 
a second polypeptide having an amino acid sequence 

15 comprising: SEQ ID NO: 2; 

(b) a polypeptide having at least 95% identity to 
a second polypeptide having an amino acid sequence 
comprising: SEQ ID NO: 2; 

(c) a polypeptide comprising a sequence chosen 
20 from SEQ ID NO: 2; 

(d) a polypeptide capable of raising antibodies 
having binding specificity for a polypeptide comprising SEQ 
ID NO: 2; 

(e) an epitope bearing portion of a polypeptide 
25 comprising SEQ ID NO: 2; 

(f) the polypeptide of (a), (b) , <c), (d) , or (e) 
wherein the N-terminal Met residue is deleted; 

(g) the polypeptide of (a), (b) , (c) , (d) f (e) , 
or (f) wherein the secretory amino acid sequence is deleted. 

30 

20. A chimeric polypeptide comprising two or more 

polypeptides having a sequence chosen from SEQ ID NO: 2, or 

fragments or analogs thereof; provided that the polypeptides 

are linked as to formed a chimeric polypeptide. 
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21. A chimeric polypeptide comprising two or more 
polypeptides having a sequence chosen from SEQ ID NO: 2; 
provided that the polypeptides are linked as to formed a 
chimeric polypeptide. 

5 

22. A pharmaceutical composition comprising a 
polypeptide according to any one of claims 18 to 21 and a 
pharmaceutical^ acceptable carrier, diluent or adjuvant. 

10 23 . A method for prophylactic or therapeutic treatment 

of GBS bacterial infection in a host susceptible to GBS 
infection comprising administering to said host a 
prophylactic or therapeutic amount of a composition 
according to claim 22. 

15 

24. A method according to claim 23 wherein the host is 
a neonate or an infant . 

25. A method according to claim 24 wherein said 

20 infection causes sepsis, meningitis, pneumonia, cellulitis, 
osteomyelitis, septic arthritis, endocarditis or epiglottis. 

26. A method according to claim 23 wherein the host is 
a pregnant woman. 

25 

27. A method according to claim 26 wherein said 
infection causes mild urinary tract infection to life- 
threatening sepsis and meningitis, including also 
osteomyelitis, endocarditis, amniotis, endometritis, wound 

30 infections (postcesarean and postepisiotomy) , cellulitis or 
fasciitis , 
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28. A method according to claim 23 wherein the host is 
a non- pregnant adult, 

29. A method according to claim 28 wherein said 

5 infection causes primary bacteremia, skin or soft tissue 

infection, pneumonia, urosepsis, endocarditis, peritonitis, 
meningitis or empyema. 

30. A method according to claim 23 wherein the host is 
10 a member of a dair-y herd , 

31. A method according to claim 30 wherein said 
infection causes mastitis. 

15 32. A method for diagnostic of GBS bacterial infection 

in an host susceptible to GBS infection comprising 

(a) obtaining a biological sample from a host; 

(b) incubating an antibody or fragment thereof 
reactive with a polypeptide according to any one of claims 

20^ 18 to 21 with the biological sample to form a mixture; and 

(c) detecting specifically bound antibody or bound 
fragment in the mixture which indicates the presence of 
Streptococcus » 

25 33. A method for diagnostic of GBS bacterial infection 

in an host susceptible to GBS infection comprising 

(a) obtaining a biological sample from a host; 

(b) incubating one or more polypeptides according 
to any one of claims 18 to 21 or fragments thereof with the 

30 biological sample to form a mixture; and 

(c) detecting specifically bound antigen or bound 
fragment in the mixture which indicates the presence of 
antibody specific to Streptococcus . 
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34. Use of the pharmaceutical composition according to 
claim 22 in the manufacture of a medicament for the 
prophylactic or therapeutic treatment of streptococcal 
infection. 

35. Kit comprising a polypeptide according to any one 
of claims 18 to 21 for detection or diagnosis of 
streptococcal infection. 
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Figure 1 (SEQ ID NO: 1) 



1 ATQACAAAAA AACATPTTAA AAOftfTTQCC TTGGCACTTA CTAOAGTATC 

61 TACAGCCAGG AGGTATATGG ATTAGAAAGA GAGGAATCGG TCAAACAAGA 
AC AAACC CAG 

121 TCAGCTTCAG AAGATGATTG GTTCGAAGAA GATAATGAGA GGAAAACAAA 
TGTTTCTAAA 

181 GAGAATTCTA CTGTTGATGA AACAGTTAGT GATTTATTTT C TGATGG AAA 
TAGTAATAAC 

241 TCTAGTTCTA AAAC CGAGTC AGTGGTAAGT GACCCTAAAC AAGTCCCCAA 
AGCAAAAC CA 

3 01 GAGGTTACAC AAGAAGCAAG CAATTCTAGT AATGATGCTA GCAAAGTAGA 
AGTACCAAAA 

3-61 CAGGATACAG CTXCAAAAAA GGAA AC TCTA GAAACAXCAA CTTGGGAGGC 
AAAAGATTTC 

421 GTAACTAGAG GGGATACTTT AGTAGGT TTT TCAAAATCTG GAATTAATAA 
GTTATCTCAA 

4 81 ACATCACACT TGGTTTTACC AAGTCATGCA GCAGATGGAA CTCAATTGAC 
ACAAGTAGCT 

541 AGCTTTGCTT TTACTCCAGA TAAAAAGACG GCCATTGCAG AATATACAAG 
TAGGCTAGGA 

6 01 GAAAATGGGA AACCGAGTCG TTTAGATATT GATCAGAAGG AAATTATTGA 
TGAGGGAGAA 

661 ATATTTAATG CTTACCAGTT GACTAAGCTT ACTATTCCAA ATGGTTATAA 
GTCTATTGGT 

721 CAAGATGCTT TTGTGGACAA TAAGAATATT GCTGAGGTTA ACCTTCCTGA 
GAGTCTCGAG 

7 81 AC TATTTC AG ACTATGCTTT TGCTCACATG TCTTTAAAAC AAGTAAAGTT 
ACCAGATAAC 

841 CTAAAGGTCA TTGGAGAATT AGCTTTTTTT GATAATCAGA TTGGTGGTAA 
GCTTTACTTG 

901 CCACGTCACT TGATAAAATT AGCAGAACGC GCTTTCAAAT CTAATCGTAT 
TCAAACAGTT 

961 GAATTTTTGG GAAGTAAGCT TAAGGTTATA GGAGAAGCAA GTTTTCAAGA 
TAATAATCTG 

1021 AGGAATGTTA TGCTTCCGGA TGGACTTGAA AAAATAGAAT CAGAAG CTTT 
TACAGGAAAT 

1081 CCAGGAGATG AACATTACAA CAATCAGGTT GTATTGCGCA CAAGGACAGG 
CCAAAATCCA 

1141 CATCAACTTG CGACTGAGAA TACTTACGTC AATCCGGACA AATCATTGTG 
GCGTGCAACA 

1201 CCTGATATGG ATTATACCAA ATGGTTAGAG GAAGATTTTA CCTATCAAAA 
AAATAGTGTT 

1261 ACAGGTTTTT CAAATAAAGG CTTACAAAAG GTAAGACGTA ATAAAAACTT 
AGAAATTCCA 

13 21 AAACAACACA ATGGTATTAC TATTACTGAA ATTGGTGATA ACGCTTTTCG 
CAATGTTGAT 

1381 TTTCAAAGTA AAACTTTACG TAAATATGAT TTGGAAGAAA TAAAGCTCCC 
CTCAACTATT 

1441 CGGAAAATAG GTGCTTTTGC TTTTCAATCT AATAACT TGA AATCCTTTGA 
AGCAAGTGAA 

1501 GATTTAGAAG AGATTAAAGA GGGAGCCTTT ATGAATAATC GTATTGGAAC 
TCTAGACTTG 

1561 AAAGACAAAC TTATCAAAAT AGGTGATGCT GCTTTCCATA TTAATCATAT 
TTATGCCATT 

1621 GTTCTTCCAG AATCTGTACA AGAAATAGGA CGTTCAGCTT TTCGACAAAA 
TGGTGCGCTT 
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Figure 1 (SEQ ID NO: 

1681 CACCTTATGT 
TTTATC CAAT 

1741 AAACTGGAAA 
GGTCCAAGCT 

18 01 TTTTCGGATA 
TATTCGTGAA 

18 61 GAGGCTTTCA 
ATCTCAGATT 

1921 ACTTTTAATG 
AGTGGTTGTT 

1981 AGGACACATA 
TGATCCAGAT 

2041 AAGCTATCTT 
AGGTTTAGAT 

2101 xACTCTACAT 
TGCAGGTAAA 

2161 GCGTTGTTAT 
TCAAGAAGCA 

2 221 CAATTTTTCC 
GAAGGCTTTA 

2 2 81 GTGACCAAGA 
CAAAGCGGTA 

2341 TTAGCTTATA 
AAAAGAGTTA 

24 01 GACTTGCTGA 
AATGGTACAA 

24 61 GGAGTTTATT 
ATTGAACGTT 

2 521 TATTTTGACA 
TATTGGCGAG 

2581 GGACAAAAAG 
TGAAGGTTAT 

2 641 CATACCTTGG 
AGATATTTTA 

2 7 01 AATAGTTCCC 
ATATCATAGA 

2 761 TTAGGAATTT 
GCTTCCTAAG 

2821 ACACCTAAGG 
GGAGAAAAAT 

2881 TTAAAACCAG 
TGAAAAGGTA 

2 941 GACGGTGATA 
TTCTGTAGCT 

3001 GTAACACCAA 
AAATTTACCT 

3061 CAAACAAGTT 
TTTATGTTTG 

3121 CTTTTCCTAG 

// 



1) (continued) 
TTATCGGAAA TAAGGTTAAA 
GTGTAAATCT CTCTGAGCAA 
ATGCCCTTAG TGAAGTAGTC 
AAAGGAATCA TTTGAAAGAA 
CTTTTGATCA AAATGATGGG 
ATAATTCTCA TATGTTAGCA 
CTACAATGGT AGACCTTGAA 
TAcGTCAGAC ^ACTCAAftCT 
CAAAATCTAA CCTCCGACAA 
TTGGTCGCGT TGATTTGGAT 
AGGCAACAAA GAATGGTCAT 
ATAATAGTGC TATTAAAAAA 
CAGATTTAGT CGAGGGAAAA 
TATTAAAGAC GCCTTTACCA 
AGTCTGGAAA ATTGATTTAT 
ATGCATATGG TAATCCTATA 
CAGTTGCCAC TTTAGCTGAT 
TTGATAAGAT TAAAGCAATA 
TCCAAGCTAT CCGAAATGCA 
GGTACCTAAA TGAAGTCCCA 
TTGATTATAA AACGCCGATT 
GAGCGGCTAA AGGTCATAAT 
TAAGGTCCGA GCAGCAATTA 
CTAAAAATAA TTTTATATAC 
TAACTGCTGG GAAAAAAGGA 



ACAATTGGTG AAATGGCTTT 
AAACAATTAA AGACAATTGA 
TTACCGCCAA ATTTACAGAC 
GTGAAGGGTT CATCTACATT 
GACAAACGCT TTGGTAAGAA 
GATGGTGAGC GTTTTATCAT 
AAGGTTTTAA AAATAATCGA 
CAGTxTAGAG AAATGACTAC 
GGAGAAAAAC AAAAATTCCT 
AAAGCCATAG CTAAAGCTGA 
TTGCTTGAGA GGAGTATTAA 
GCTAATGTTA AGCGCTTGGA 
GGACCATTAG CGCAAGCTAC 
TTGCCAGAAT ATTATATCGG 
GCACTTGATA TGAGTGATAC 
TTAAATGTTG ACGAGGATAA 
TATGAAGGTC TTTATATTAA 
CGCCAGATTC CTTTGGCAAA 
GCGGCAGAAG CAGACCGATT 
AATTATCGTA AAAAACAAAT 
TTTAATAAGG CTTTACCTAA 
ATAAATGCGG AGACTAATAA 
CATAAGTCAC AGTCTGATGT 
GAGATTCTAG GATACGTTAG 
AAACGAGCAA GAAAATAA 
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Figure 2 (SEQ ID NO: 2) 



1 MTKKHTiKTT_A LALTTVfiWT Yfi QEVYflLER EESVKQEQTQ SASEDDWFEE 
DNERKTNVS K 

61 ENS TVDETVS DLFSDGNSNN SSSKTESWS DPKQVPKAKP EVTQEASNSS 
NDASKVEVPK 

121 QDTASKKETL ETSTWEAKDF VTRGDTLVGF SKSGINKLSQ TSHLVLPSHA 
ADGTQLTQVA 

181 SFAFTPDKKT AIAEYTSRLG ENGKPSRLDI DQKEIIDEGE I FNAYQLTKL 
TIPNGYKSIG 

241 QDAFVDNKNI AEVNLPESLE TISDYAFAHM SLKQVKLPDN LKVIGELAFF 
DNQIGGKLYL 

301 PRHLIKLAER AFKSNRIQTV EFLGSKLKVI GEAS FQDNNL RNVMLPDGLE 
KIESEAFTGN 

3 61 PGDEHYNNQV VLRTRTGQNP HQLATENTYV NPDKSLWRAT PDMDYTKWLE 

.EDFTYQ&N3V 

421 TGFSNKGLQK VRRNKNLEIP KQHNGITITE I GDNAFRNVD FQSKTLRKYD 
LEEIKLPSTI 

481 RKIGAFAFQS NNLKSFEASE DLEEIKEGAF MNNRIGTLDL KDKLIKIGDA 
AFHINHIYAI 

541 VLPESVQEIG RSAFRQNGAL HLMF I GNKVK T I GEMAFLSN KLESVNLSEQ 
KQLKTIEVQA 

601 FSDNALSEW LPPNLQTIRE EAFKRNHLKE VKGSSTLSQI TFNAFDQNDG 
DKRFGKKVW 

661 RTHNNSHMLA DGERFIIDPD KLSSTMVDLE KVLKIIEGLD YSTLRQTTQT 
QFREMTTAGK 

721 ALLSKSNLRQ GEKQKFLQEA QFFLGRVDLD KAIAKAEKAL VTKKATKNGH 
LLERS INKAV 

781 LAYNNSAIKK ANVKRLEKEL DLLTDLVEGK GPLAQATMVQ GVYLLKTPLP 
LPEYY I GLNV 

841 YFDKSGKLIY ALDMSDTIGE GQKDAYGNP I LNVDEDNEGY HTLAVATLAD 
YEGLYIKDIL 

901 NSSLDKIKAI RQIPLAKYHR LGIFQAIRNA AAEADRLLPK TPKGYLNEVP 
NYRKKQMEKN 

961 LKPVDYKTP I FNKALPNEKV DGDRAAKGHN INAETNNSVA VTPIRSEQQL 
HKSQSDVNLP 

1021 QTSSKNNFIY EILGYVSLCL LFLVTAGKKG KRARK* 

// 
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SEQUENCE LISTING 

<110> Shire Biochem Inc. 

<120> Antigens of Group B Streptococcus and Corresponding DNA Fragments 

<130> 74872-81 

<150> US 60/287,712 
<151> 2001-05-02 

<160> 7 

<170> Patentln version 3.0 

<210> l 

<211> 316*8 

<212> DNA 

<213> Streptococcus 

<400> 1 

atgacaaaaa aacatcttaa aacgcttgcc ttggcactta ctacagtatc agtagtgaca 60 

tacagccagg aggtatatgg attagaaaga gaggaatcgg tcaaacaaga acaaacccag 12 0 

tcagcttcag aagatgattg gttcgaagaa gataatgaga ggaaaacaaa tgtttctaaa 180 

gagaattcta ctgttgatga aacagttagt gatttatttt ctgatggaaa tagtaataac 240 

tctagttcta aaaccgagtc agtggtaagt gaccctaaac aagtccccaa agcaaaacca 3 00 

gaggttacac aagaagcaag caattctagt aatgatgcta gcaaagtaga agtaccaaaa 3 60 

caggatacag cttcaaaaaa ggaaactcta gaaacatcaa cttgggaggc aaaagatttc 42 0 

gtaactagag gggatacttt agtaggtttt tcaaaatctg gaattaataa gttatctcaa 480 

acatcacact tggttttacc aagtcatgca gcagatggaa ctcaattgac acaagtagct 540 

agctttgctt ttactccaga taaaaagacg gccattgcag aatatacaag taggctagga 600 

gaaaatggga aaccgagtcg tttagatatt gatcagaagg aaattattga tgagggagaa 660 

atatttaatg cttaccagtt gactaagctt actattccaa atggttataa gtctattggt 720 

caagatgctt ttgtggacaa taagaatatt gctgaggtta accttcctga gagtctcgag 780 

actatttcag actatgcttt tgctcacatg tctttaaaac aagtaaagtt accagataac 840 

ctaaaggtca ttggagaatt agcttttttt gataatcaga ttggtggtaa gctttacttg 900 

ccacgtcact tgataaaatt agcagaacgc gctttcaaat ctaatcgtat tcaaacagtt 960 

gaatttttgg gaagtaagct taaggttata ggagaagcaa gttttcaaga taataatctg 102 0 

aggaatgtta tgcttccgga tggacttgaa aaaatagaat cagaagcttt tacaggaaat 10 80 

ccaggagatg aacattacaa caatcaggtt gtattgcgca caaggacagg ccaaaatcca 114 0 

catcaacttg cgactgagaa tacttacgtc aatccggaca aatcattgtg gcgtgcaaca 12 00 

cctgatatgg attataccaa atggttagag gaagatttta cctatcaaaa aaatagtgtt 12 60 

acaggttttt caaataaagg cttacaaaag gtaagacgta ataaaaactt agaaattcca 1320 

aaacaacaca atggtattac tattactgaa attggtgata acgcttttcg caatgttgat 13 80 

tttcaaagta aaactttacg taaatatgat ttggaagaaa taaagctccc ctcaactatt 1440 

cggaaaatag gtgcttttgc ttttcaatct aataacttga aatcctttga agcaagtgaa 1500 

gatttagaag agattaaaga gggagccttt atgaataatc gtattggaac tctagacttg 15 60 

aaagacaaac ttatcaaaat aggtgatgct gctttccata ttaatcatat ttatgccatt 1620 

gttcttccag aatctgtaca agaaatagga cgttcagctt ttcgacaaaa tggtgcgctt 1680 

caccttatgt ttatcggaaa taaggttaaa acaattggtg aaatggcttt tttatccaat 1740 

aaactggaaa gtgtaaatct ctctgagcaa aaacaattaa agacaattga ggtccaagct 1800 

ttttcggata atgcccttag tgaagtagtc ttaccgccaa atttacagac tattcgtgaa 1860 

gaggctttca aaaggaatca tttgaaagaa gtgaagggtt catctacatt atctcagatt 1920 

acttttaatg cttttgatca aaatgatggg gacaaacgct ttggtaagaa agtggttgtt 1980 

aggacacata ataattctca tatgttagca gatggtgagc gttttatcat tgatccagat 2040 

aagctatctt ctacaatggt agaccttgaa aaggttttaa aaataatcga aggtttagat 2100 

tactctacat tacgtcagac tactcaaact cagtttagag aaatgactac tgcaggtaaa 2160 

gcgttgttat caaaatctaa cctccgacaa ggagaaaaac aaaaattcct tcaagaagca 22 2 0 

caatttttcc ttggtcgcgt tgatttggat aaagccatag ctaaagctga gaaggcttta 2280 

gtgaccaaga aggcaacaaa gaatggtcat ttgcttgaga ggagtattaa caaagcggta 2340 

ttagcttata ataatagtgc tattaaaaaa gctaatgtta agcgcttgga aaaagagtta 2400 

gacttgctga cagatttagt cgagggaaaa ggaccattag cgcaagctac aatggtacaa 2460 



1 



WO 02/088178 PCT/CA02/00664 



ggagtttatt 
tattttgaca 
ggacaaaaag 
cataccttgg 
aatagttccc 
ttaggaattt 
acacctaagg 
ttaaaaccag 
gacggtgata 
gtaacaccaa 
caaacaagtt 
cttttcctag 



tattaaagac 
agtctggaaa 
atgcatatgg 
cagttgccac 
ttgataagat 
tccaagctat 
ggtacctaaa 
ttgattataa 
gagcggctaa 
taaggtccga 
ctaaaaataa 
taactgctgg 



gcctttacca 
attgatttat 
taatcctata 
tttagctgat 
taaagcaata 
ccgaaatgca 
tgaagtccca 
aacgccgatt 
aggtcataat 
gcagcaatta 
ttttatatac 
gaaaaaagga 



ttgccagaat 
gcacttgata 
ttaaatgttg 
tatgaaggtc 
cgccagattc 
gcggcagaag 
aattatcgta 
tttaataagg 
ataaatgcgg 
cataagtcac 
gagattctag 
aaacgagcaa 



attatatcgg 
tgagtgatac 
acgaggataa 
tttatattaa 
ctttggcaaa 
cagaccgatt 
aaaaacaaat 
ctttacctaa 
agactaataa 
agtctgatgt 
gatacgttag 
gaaaataa 



attgaacgtt 
tattggcgag 
tgaaggttat 
agatatttta 
atatcataga 
gcttcctaag 
ggagaaaaat 
tgaaaaggta 
ttctgtagct 
aaatttacct 
tttatgtttg 



2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
3060 
3120 
3168 



<210> 2 
<211> 1055 
<212> PRT 

<213> Streptococcus 
<400> 2 

Met Thr Lys Lys His Leu Lys Thr Leu Ala Leu Ala Leu Thr Thr Val 
15 10 15 

Ser Val Val Thr Tyr Ser Gin Glu Val Tyr Gly Leu Glu Arg Glu Glu 
20 25 30 

Ser Val Lys Gin Glu Gin Thr Gin Ser Ala Ser Glu Asp Asp Trp Phe 
35 40 45 

Glu Glu Asp Asn Glu Arg Lys Thr Asn Val Ser Lys Glu Asn Ser Thr 
50 55 60 

Val Asp Glu Thr Val Ser Asp Leu Phe Ser Asp Gly Asn Ser Asn Asn 
65 70 75 80 

Ser Ser Ser Lys Thr Glu Ser Val Val Ser Asp Pro Lys Gin Val Pro 
85 90 95 

Lys Ala Lys Pro Glu Val Thr Gin Glu Ala Ser Asn Ser Ser Asn Asp 
100 105 110 

Ala Ser Lys Val Glu Val Pro Lys Gin Asp Thr Ala Ser Lys Lys Glu 
115 120 125 

Thr Leu Glu Thr Ser Thr Trp Glu Ala Lys Asp Phe Val Thr Arg Gly 
130 135 140 

Asp Thr Leu Val Gly Phe Ser Lys Ser Gly lie Asn Lys Leu Ser Gin 
145 150 155 160 

Thr Ser His Leu Val Leu Pro Ser His Ala Ala Asp Gly Thr Gin Leu 
165 170 175 

Thr Gin Val Ala Ser Phe Ala Phe Thr Pro Asp Lys Lys Thr Ala lie 
180 185 190 

Ala Glu Tyr Thr Ser Arg Leu Gly Glu Asn Gly Lys Pro Ser Arg Leu 
195 200 205 

Asp lie Asp Gin Lys Glu lie He Asp Glu Gly Glu He Phe Asn Ala 
210 215 220 

Tyr Gin Leu Thr Lys Leu Thr He Pro Asn Gly Tyr Lys Ser He Gly 
225 230 235 240 
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Gin Asp Ala Phe Val Asp Asn Lys Asn lie Ala Glu Val Aen Leu Pro 
245 250 255 

Glu Ser Leu Glu Thr lie Ser Asp Tyr Ala Phe Ala His Met Ser Leu 
260 265 270 

Lys Gin Val Lys Leu Pro Asp Asn Leu Lys Val lie Gly Glu Leu Ala 
275 280 285 

Phe Phe Asp Asn Gin lie Gly Gly Lys Leu Tyr Leu Pro Arg His Leu 
290 295 300 

He Lys Leu Ala Glu Arg Ala Phe Lys Ser Asn Arg He Gin Thr Val 
305 310 315 320 

Glu Phe Leu Gly Ser Lys Leu Lys Val He Gly Glu Ala Ser Phe Gin 
325 330 335 

Asp Asn Asn Leu Arg Asn "Va"! ^aet Leu Pro Asp Gly Leu Glu Lys Tie 
340 345 350 

Glu Ser Glu Ala Phe Thr Gly Asn Pro Gly Asp Glu His Tyr Asn Asn 
355 360 * 365 

Gin Val Val .Leu Arg Thr Arg Thr Gly Gin Asn Pro His Gin Leu Ala 
370 375 380 

Thr Glu Asn Thr Tyr Val Asn Pro Asp Lys Ser Leu Trp Arg Ala Thr 
385 390 395 400 

Pro Asp Met Asp Tyr Thr Lys Trp Leu Glu Glu Asp Phe Thr Tyr Gin 
405 410 415 

Lys Asn Ser Val Thr Gly Phe Ser Asn Lys Gly Leu Gin Lys Val Arg 
420 425 430 

Arg Asn Lys Asn Leu Glu He Pro Lys Gin His Asn Gly He Thr He 
435 440 445 

Thr Glu He Gly Asp Asn Ala Phe Arg Asn Val Asp Phe Gin Ser Lys 
450 455 460 

Thr Leu Arg Lys Tyr Asp Leu Glu Glu He Lys Leu Pro Ser Thr He 
465 470 475 480 

Arg Lys He Gly Ala Phe Ala Phe Gin Ser Asn Asn Leu Lys Ser Phe 
485 490 495 

Glu Ala Ser Glu Asp Leu Glu Glu He Lys Glu Gly Ala Phe Met Asn 
500 505 510 

Asn Arg He Gly Thr Leu Asp Leu Lys Asp Lys Leu He Lys He Gly 
515 520 525 

Asp Ala Ala Phe His lie Asn His lie Tyr Ala lie Val Leu Pro Glu 
530 535 540 

Ser Val Gin Glu lie Gly Arg Ser Ala Phe Arg Gin Asn Gly Ala Leu 
545 550 555 560 

His Leu Met Phe lie Gly Asn Lys Val Lys Thr He Gly Glu Met Ala 
565 570 575 
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Phe Leu Ser Asn Lys Leu Glu Ser Val Asn Leu Ser Glu Gin Lys Gin 
580 585 590 

Leu Lys Thr lie Glu Val Gin Ala Phe Ser Asp Asn Ala Leu Ser Glu 
595 600 605 

Val Val Leu Pro Pro Asn Leu Gin Thr He Arg Glu Glu Ala Phe Lys 
610 615 620 

Arg Asn His Leu Lys Glu val Lys Gly Ser Ser Thr Leu Ser Gin He 
625 630 635 640 

Thr Phe Asn Ala Phe Asp Gin Asn Asp Gly Asp Lys Arg Phe Gly Lys 
645 650 655 

Lys Val Val Val Arg Thr His Asn Asn Ser His Met Leu Ala Asp Gly 
660 665 670 

-S-l-u Arg -Phe lie lis Asp Pro Asp Lys Leu Ser Ser Thr Met Val Asp 
675 680 685 

Leu Glu Lys Val Leu Lys He He Glu Gly Leu Asp Tyr Ser Thr Leu 
690 695 700 

Arg Gin Thr Thr Gin Thr Gin Phe Arg Glu Met Thr Thr Ala Gly Lys 
705 710 715 720 

Ala Leu Leu Ser Lys Ser Asn Leu Arg Gin Gly Glu Lys Gin Lys Phe 
725 730 735 

Leu Gin Glu Ala Gin Phe Phe Leu Gly Arg Val Asp Leu Asp Lys Ala 
740 745 750 

He Ala Lys Ala Glu Lys Ala Leu Val Thr Lys Lys Ala Thr Lys Asn 
755 760 765 

Gly His Leu Leu Glu Arg Ser Tie Asn Lys Ala Val Leu Ala Tyr Asn 
770 775 780 

Asn Ser Ala He Lys Lys Ala Asn Val Lys Arg Leu Glu Lys Glu Leu 
785 790 795 800 

Asp Leu Leu Thr Asp Leu Val Glu Gly Lys Gly Pro Leu Ala Gin Ala 
805 810 815 

Thr Met Val Gin Gly Val Tyr Leu Leu Lys Thr Pro Leu Pro Leu Pro 
820 825 830 

Glu Tyr Tyr He Gly Leu Asn Val Tyr Phe Asp Lys Ser Gly Lys Leu 
835 840 845 

He Tyr Ala Leu Asp Met Ser Asp Thr He Gly Glu Gly Gin Lys Asp 
850 855 860 

Ala Tyr Gly Asn Pro He Leu Asn Val Asp Glu Asp Asn Glu Gly Tyr 
865 870 875 880 

His Thr Leu Ala Val Ala Thr Leu Ala Asp Tyr Glu Gly Leu Tyr He 
885 890 895 

Lys Asp He Leu Asn Ser Ser Leu Asp Lys He Lys Ala He Arg Gin 
900 905 910 
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lie Pro Leu Ala Lys Tyr His Arg Leu Gly lie Phe Gin Ala He Arg 
915 920 925 

Asn Ala Ala Ala Glu Ala Asp Arg Leu Leu Pro Lys Thr Pro Lys Gly 
930 935 940 

Tyr Leu Asn Glu Val Pro Asn Tyr Arg Lys Lys Gin Met Glu Lys Asn 
945 950 955 960 

Leu Lys Pro Val Asp Tyr Lys Thr Pro He Phe Asn Lys Ala Leu Pro 
965 970 975 

Asn Glu Lys Val Asp Gly Asp Arg Ala Ala Lys Gly His Asn He Asn 
980 985 990 

Ala Glu Thr Asn Asn Ser Val Ala Val Thr Pro He Arg Ser Glu Gin 
995 1000 1005 

■Sin Leu Ki-s Lys Ser Sin Ssr Asp Val Asn Leu Pro Gin Thr Ser 
1010 1015 1020 

Ser Lys Asn Asn Phe He Tyr Glu lie Leu Gly Tyr Val Ser Leu 
1025 1030 1035 

Cys Leu Leu Phe Leu Val Thr Ala Gly Lys Lys Gly Lys Arg Ala 
1040 1045 1050 

Arg Lys 
1055 



<210> 3 

<211> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> primer 

<400> 3 

gcgcccatgg tgcaggaggt atatggttag aaag 34 

<210> 4 

<211> 30 

<212> DNA 

<213> Artificial 

<220> 

<223> primer 

<400> 4 

ggtggatccg agaaaggctt tattgtaatg 3 0 

<210> 5 

<211> 36 

<212> DNA 

<213> Artificial 

<220s> 

<223> primer 
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<400> 5 

catattaatt gcggccgctt ttcttgctcg ttttcc 



36 



<210> 6 

<211> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> primer 

<400> 6 

cgttggatcc tcaggaggta tatggattag aaag 34 



<210> 7 

<211> 31 

<212> "DNA 

<213> Artificial 

<220> 

<223> primer 



<400> 7 

catcgtcgac ttattttctt gctcgttttc c 



31 
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